Abstract: Over the years, there has been an increasing pressure to improve public service, most notably, the ones that directly interact with taxpayers. However, in emerging countries, public sector is ruled by a bureaucratic structure, which complicates coordination and execution of services. Stochastic modelling provides a prominent mechanism for assessing government processes, as different configurations can be evaluated in order to enable cost reduction as well as the maximisation of service performance. This work presents an approach based on stochastic Petri nets (SPNs) for performability evaluation of government process related to taxpayer assistance centre (TAC). A real-world case study demonstrates the practical suitability of the proposed approach.
Introduction
Social, political and financial challenges have demanded more adequate management methods from those in charge of government organisations. Taking into account the pace of change over the last decades, citizens' expectations have evolved and they now demand better and greater capacity of public services.
The general perception is public institutions suffer from inertia, in the sense that their employees lack motivation and skills to provide the required service (Yannas and Lappas, 2010) . In emerging countries, the bureaucratic structure of some governments affects even more the coordination as well as the delivery of a more efficient service.
The relations between citizens and the services provided by taxpayer centres have issues that may be common to many public organisations (Zhao, 2011) . The quality of service is directly related to some factors, for instance capacity, which, in some cases, prevent organisations from achieving the desired goals. Additionally, there are situations that huge amount of resources are utilised without obtaining the expected results.
Public managers require better mechanisms for assessing the relationship between government processes (GPs), their expected and actual results (Harrison et al., 2012) . Tools based on quantitative data are suitable in such a situation for assisting managers in strategic decision making to leverage effectiveness and efficiency of government organisations.
Particularly, performance evaluation of GPs is of uttermost importance to identify bottlenecks and elements for cost reduction. Failures in service provision and their respective impact on performance [i.e., performability (Avizienis et al., 2004) ] are also a prominent issue that should not be neglected. Stochastic models [e.g., stochastic petri nets (SPN) (Marsan, 1990) ] provide a remarkable mechanism for capacity planning of government services, as different configurations/scenarios can be evaluated. Public managers would then have a representative tool for decision making based on quantitative data. Taking into account the global need for sustainable development, public managers are also responsible for actions to diminish environmental impact. A prominent issue is related to the amount of utilised paper and the mechanism for disposal (Yellishetty et al., 2011) .
This paper presents an approach based on SPNs for performability evaluation of taxpayer assistance centre (TAC). Issues related to performance, dependability (Trivedi et al., 1992) , as well as sustainability are taken into account. Besides, a case study based on a Brazilian TAC is considered to show the feasibility of the proposed approach.
This work adopts Petri nets (PNs) (Murata, 1989) , since it is a family of formalisms well-suited for modelling several types of systems, since concurrency, synchronisation and communication mechanisms are naturally represented. In addition to the modelling power, there are many techniques for quantitative/ qualitative property analysis and some software tools are available for evaluating PN models.
The remainder of this work is organised as follow. Section 2 presents related work and Section 3 introduces basic SPN concepts. Section 4 discusses the adopted GPs and Section 5 introduces the adopted methodology. Section 6 presents the conceived stochastic models. Finally, Section 7 presents the case study, and Section 8 concludes this work.
Related work
Many works focus on the modelling and evaluation of business processes (BPs). GPs are related to BP and the respective evaluation techniques, but GP may contemplate other issues from public sector, such as public accountability (Mori, 2010) .
Among the various techniques available for process modelling, business process modelling notation (BPMN) (OMG, 2011) and unified modelling language (UML) are the most commonly adopted. However, these techniques only deal with the visualisation of control flow, and they do not consider performance analysis. Some studies aim at filling this gap, such as Dijkman et al. (2007) , Chengjun (2009 ), Hao et al. (2010 , Ye-bai and Fu-qi (2010) and Yu (2010) , which translate BP models into formal models.
In Shraideh et al. (2009) , the authors propose a framework for modelling and optimising processes of a financial institution, considering performance issues. The approach aims at assisting decision makers to evaluate company resources to handle daily requests and the respective impact on the workflow due to load distribution. Labadi et al. (2012) adopt PNs to model and evaluate the performance of a public bicycle system (PBS), also known as green public transport. The approach evaluates redistribution issues in situations in which the utilisation rate of PBS is high. Krumnow et al. (2010) propose a simulation model for assessing clinical pathways in hospitals. The BP is represented utilising BPMN models and coloured PNs are adopted as the formalism for discrete event simulation. A case study is adopted to demonstrate the approach applicability considering some performance metrics for assisting managers in decision making. Zhang and Yao (2010) propose extended petri-net (EPNet) based on workflow net for process modelling by adding new features in the formal model to facilitate property analysis (e.g., liveness).
In Singer and Donoso (2008) , the authors evaluate the performance of a BP of an ambulance answering service using queuing networks. The work focuses on operating parameters and strategic decision variables to support managers in decision making and capacity planning. Huang et al. (2011) propose a mechanism based on Markov decision models to optimise the allocation of resources in the execution of BPs. The approach aims at minimising long-term cost by improving the performance of the process execution. A real case study demonstrates the approach applied to resource allocation in a CT-scan examination process.
Previous works mainly consider performance metrics in BP evaluation, but dependability issues (e.g., failures) should not be neglected. Indeed, failures may affect service performance, and performability evaluation is prominent in such situations. This work proposes modelling and performability evaluation of TAC, as it has issues that may be common to many public organisations, such as throughput and the impact of resource failure during service provision. Furthermore, a study on sustainability is presented, such that public managers can incorporate criteria for environmental management by using proper waste disposal.
Stochastic PNs
PN is a bipartite directed graph, in which places (represented by circles) denote local states and transitions (depicted as rectangles) represent actions. Arcs (directed edges) connect places to transitions and vice-versa. Tokens (small filled circles) may reside in places, which denote the state (i.e., marking) of a PN.
This work adopts SPNs (Marsan, 1990) , which is a prominent PN extension that allows the association of exponential distribution to timed transitions (represented by white rectangles), or zero delays to immediate transitions (depicted as thin black rectangles). Immediate transitions are a feature of generalised stochastic petri nets (GSPN), and, in this paper, we use the term SPN to consider any extension of such formalism. The state space of SPN models may be translated into continuous time Markov chains (CTMC) (Trivedi et al., 1992) , as well as simulation techniques may be adopted for estimating dependability metrics, as an alternative to the Markov chain generation.
Henceforth, #p denotes the number of tokens in place p; and P{exp} estimates the probability of the inner expression exp. Figure 1 depicts an example of graphical representation of a SPN with three places (pstart, pexit and pwait), three transitions (tstart, texit and twait). The initial marking indicates #pstart = 1. 
Phase-type distributions
Although SPNs assume the exponential distribution for timed transitions, non-exponential activities can be represented using phase-type distributions. Basically, different combinations of places, immediate and timed transitions are adopted to represent different general distributions. This paper utilises the technique described in (Watson and Desrochers, 1991) , which, from the mean delay (μ d ) and standard deviation (σ d ), a phase-type distribution is taken into account. The following algorithm is considered:
, only a single timed transition is adopted, which represents the exponential distribution.
• If the inverse of coefficient of variation is a positive integer different than one,
, the phase approximation considers an Erlang subnet. More specifically, a sequence of exponential transitions ( Figure 2 ) is taken into account, such that:
is the amount of timed transitions 2 λ = γ / μ d is the rate of each transition.
• If the inverse of coefficient of variation is greater than one and it is not a natural number,
μ σ ∉ N a hypoexponential subnet is adopted. In other words, an exponential transition followed by an Erlang subnet are considered ( Figure 3 ) assuming different rates,
( 1)
, the inverse of coefficient of variation is less than one), the approximation assumes a hyperexponential subnet (Figure 4 ). The weights of each immediate transition (r 1 , r 2 ) and the rate of timed transition (λ) are calculated as follows: 
Invariants
PNs provide a set of well-established methods for structural and behavioural property analysis, and a prominent technique is based on invariants for obtaining structural properties (Murata, 1989) .
Assuming a PN with n places and m transitions,
is a place invariant (P-invariant), if and only if 0.
is an n × m matrix of integers, namely, incidence matrix (Balbo, 2001) 
(all elements are positive integers) and 0.
If there is a vector
N is structurally bounded. In this case, the state space size of a PN model is finite, and it also may indicate the amount of adopted resources by a system is limited.
is a transition invariant (T-invariant), if and only if 0.
N is structurally repetitive. In such a situation, the PN model may be reversible (i.e., the model returns to the initial marking, home marking), and it also a necessary condition for indicating a system is possibly deadlock-free.
Taxpayer assistance centre
This paper aims at the evaluation of GP related to TAC of a Brazilian City Hall. A considerable delay has been identified regarding the analysis of taxpayers' requests, which cover several distinct inquiries, for instance, tax refund, clearance certificates and so on. Such a situation has resulted in several problems for both public managers and citizens. Figure 5 depicts the activity diagram of TAC's main process. The process begins with the arrival of the taxpayer at the service desk, where the subject is identified and a waiting number is assigned. Next, the taxpayer waits to be called in order to create an internal request, in which relevant taxpayer's documents may be attached.
Afterwards, the created request is conducted to auditors, who further analyse the documents whenever possible. This work contemplates the auditors from the Real Estate Tax Department for evaluation purposes. When the request analysis is completed, a notification is sent to the taxpayer, indicating if the request has been approved or denied.
Methodology
This section presents the adopted methodology for evaluating the TAC. As follows, the steps of the methodology are presented taking into account a sequential execution, but an iterative approach can also be utilised:
• Problem understanding. Initially, the current service must be understood to better visualise the activities and the respective relations. In this step, high-level models are suitable representations, as they allow an interesting overview of the activities without formal issues. Once the service is well comprehended, specialists (in conjunction with public managers) define the metrics. These metrics might be used not only to assess the current status of the system, but also to evaluate alternative scenarios resultant from improvement proposals. Hence, they are a key part of system's monitoring and enhancement tasks.
• Measuring. This activity consists of collecting data of each activity in the TAC with the purpose of estimating metrics previously defined.
• Stochastic modelling. The high-level model is mapped into a formal representation, more specifically, into SPNs. Besides, the collected data in previous step are adopted to refine the SPN model with timing information and to select the probability distribution more suitable for each modelled activity.
• Validation. The SPN model must be validated with the aim of checking whether it correctly represents the current process or not. Hypothesis tests should be carried out with this purpose.
• Scenario definition and evaluation. Assuming that the model is valid, the team may conceive new scenarios/arrangements from the baseline model. Then, the same metrics should be evaluated so as to find the scenario that provides more enhancements to the TAC. Hence, the public managers might implement the proposed changes, obtaining the gains estimated by the model. 
SPN models
This section presents conceived SPN models for evaluating the TAC. Initially, the performance model is presented, and, next, the performability model is described. For the sake of readability, the models are presented considering the exponential distribution, but other probability distributions can be considered (as presented in Section 3). The performance model is a simple representation that captures the behaviour of the current process. Performability models cover failures, and state-base models, such as SPN, are very suitable to model such a dynamic behaviour (Maciel et al., 2012) . Besides, the proposed SPN models are adopted for property analysis. Figure 7 depicts the performance model, and Table 1 details transition attributes. In that table, is denotes infinite server semantic, and ss represents single server semantic (Balbo, 2001) .
Performance model
The firing of transition tarrival represents the periodic arrival of a taxpayer, but physical space is required in TAC in order to a taxpayer be admitted (#pqueue > 0). Next, an internal request is created for each demand (i.e., tattend) assuming an attendant is available, and the request is stored for further analysis. Whenever available (#pauditors > 0), an auditor performs the evaluation of each stored request (i.e., tanalysis). The model contemplates K attendants and Z auditors. Besides, N is the size of waiting queue for taxpayers and S is the amount of space for storing the internal requests.
Considering the metrics adopted in this work, equation (8) estimates admission throughput, whereas equation (9) concerns analysis throughput. W(t) is the rate of transition t. 
Performability model
Figure 8 depicts the model in which auditor failures are considered during performance evaluation, as issues, related to vacation and strikes, may affect service operation. Attendant failures are not considered, as they do not significantly impact the process and they can be quickly replaced. Transition tf1 and tf2 denote the failures, in which the delay is represented by the mean time to failure of an auditor (MTTF), transition tr represent mean time to repair (MTTR). tf1, tf2 and tr adopt infinite server semantic (Balbo, 2001) . In this context, availability (A) is an important metric, which contemplates the probability of a system being in a functioning condition. It considers the alternation of operational and non-operating states. From the steady-state availability of each auditor, A c = MTTF / (MTTF + MTTR), and, assuming at least one auditor for TAC being in a operational state, system availability is
Previous equation is grounded on the parallel arrangement (Maciel et al., 2012) among the auditors.
Properties
It is important to remark that the proposed modelling approach is also adopted for analysis of structural properties. For instance, the conceived models are structurally bounded (Murata, 1989) , in the sense that their state spaces are finite, and, thus, the CTMC can be generated. Besides the amount of resources adopted by the system is limited, which is demonstrated by the following invariants:
1 (#p0 + #parrival = 1) 2 (#pqueue + #pwaiting = N) 3 (#pattendants + #pin + #pout = K) 4 (#pstorage + #pavail = S) 5 (#pauditors + #panalyse + #pfailure + #pend = Z).
Besides, the models are reversible, in the sense that the deadlock is absent. In other words, whenever a resource is available, a transition activity may occur. A transition invariant, in which the weights of all transitions are equal to 1, provides the necessary condition for this property.
Case study
This case study adopts the process described in Section 4 to demonstrate the practical feasibility of the proposed approach. Following the methodology, the metrics were defined and measured in the real service, including quantitative data related to each process activity. The metrics of interest are analysis throughput and admission throughput (for validation purposes). Next, the model is validated and different scenarios are assessed.
It is important to state that this work has adopted Mercury environment (Silva et al., 2013) for stationary evaluation (using CTMC) of adopted models for the following scenarios.
Model validation
Quantitative data were collected in the TAC over two months to cover a representative sample of the real system, and this was divided into eight sample groups to allow the execution of a hypothesis test. In other words, a group represents the data collected over a week. The execution time of each activity, analysis and admission throughputs were then estimated for each group, indicating admission throughput is larger than analysis throughput in all situations. Such issue indicates the requirement for storing the internal requests should be unboundedly, as the auditors cannot keep pace with the increasing requests.
Thus, eight models based on Figure 7 (performance model) without auditor analysis block were generated in order to validate admission throughput. Each model was created considering the values collected for transitions tarrival and tattend in each week. The mean values (μ d ) and standard deviations (σ d ) were estimated, and the transitions were then refined according to the most suitable phase-type distribution (using the technique described in Section 3). Finally, we calculated admission throughput for each model [equation (8)].
For validation purpose, Table 2 depicts the values estimated using the models as well as mean values of collected data regarding admission throughput (in minutes). A t-paired test (Lilja, 2000) was conducted considering a confidence degree of 95%. Since 0 ∈ [-0.022794, 0.009241], there is no evidence to reject the hypothesis of equivalence between the model and the system. Regarding the same eight models with auditor analysis block and assuming a limited storage S, the analysis throughput estimated by the models is the same as the measured values, since storage is always full. Therefore, a hypothesis test is clear for this case.
Scenarios
This section presents some conceived scenarios for improving the TAC. Group 1 is considered as the baseline scenario and Table 3 depicts the values for each timed transition (in minutes) assuming the exponential distribution.
Besides, the number of auditors is 10 (Z = 10, Section 6), and we have chosen to adjust auditor analysis block, as the utilisation factor is very close to 100% for the auditors. For the following scenarios, the metric of interest is analysis throughput. 
Performance scenarios
This experiment concerns the adjustment of analysis time (tanalyse) and the number of auditors (Z) to assess the improvement on analysis throughput. We have considered four analysis times: 60 min (1 h), 120 min (2 h), 240 min (4 h) and 360 min (6 h). More specifically, they assume adjustments in analysis activity, such as experienced auditors and an IT infrastructure. For the sake of this experiment, a linear cost increase is also taken into account due to improvement in analysis time.
Other cost approaches could be adopted, as the conceived models are parametric.
Equation (11) depicts the adopted cost model, in which X represents the cost increase per auditor due to the improvement on analysis time. Particularly, in this experiment, we have assumed X = 0.013 (1.3%). 
Regarding the analysis time of 1 hour, 30 auditors can cope with the demand. Indeed, no improvement in throughput is detected with more than 30 auditors, in the sense that increasing the number of auditors only the cost is impacted. Assuming the analysis time of 2 hours, 50 auditors provide similar results and no further improvement is achieved by increasing the number of auditors. However, as depicted in Figure 10 , the cost for 50 auditors with analysis time of 2 hours is better than the approach assuming one hour for analysis time. The other scenarios (4 and 6 hours) cannot deal with the taxpayer demand, even considering 60 auditors.
Scenarios with auditor failures
In this experiment, auditor failures are taking into account to estimate the impact on analysis throughput. Many issues, such as strikes, may affect service provision, and the evaluation of distinct scenarios provides an important tool for decision makers to assess service degradation. The adopted metrics are analysis throughput in the presence of failures and availability. Regarding the latter, the system is operational whenever at least one auditor is operational.
The model depicted in Figure 8 is adopted, and the same auditor quantities and times for transitions are assumed. Besides, the adopted MTTFs are 6 as well as 12 months, and the MTTR is 6 months. Those values are based on empirical observation of failure events. For the sake of visualisation, this work adopts number of nines (Maciel et al., 2012) to present results: log 10 (1 -A) (in which A refers to availability). For instance, 0.99521 can be presented as log 10 (1 -0:99521) = 2.319664487. Figure 11 depicts availability values indicating, when the number of auditors increases, system availability is improved. However, in some cases, there is no gain in analysis throughput by increasing availability (Figure 12 ). For instance, assuming analysis time 1 h and MTTF as six months, no improvement is obtained considering more than 40 auditors. A decision maker should avoid such scenarios, since they lead to unnecessary costs.
Comparing to Figure 9 , Figure 12 depicts failures may have a signicant impact on throughput, reducing it in 50% when 6 months is considered as the MTTF, for instance. Considering MTTF as 12 months, failures do not significantly impact throughput, but they still affect service provision. As demonstrated by the results, failure is an issue that should not be neglected. 
Sustainability
This case study is also concerned about the environmental impact of the entire service due to the amount of disposed paper, as TAC does not consider an IT-based infrastructure.
Global warming potential (GWP) has been considered, which adopts carbon dioxide equivalent (CO 2 eq) to assess environmental impact of a substance (Change, 2007) . GWP has been widely adopted in several representative works, such as Albuquerque et al. (2013) .
The environmental impact of wastes depends on the disposal mechanism. This experiment evaluates the GWP of paper disposal considering landfill and incineration. Table 4 (Change, 2007) depicts the values, which assumes a linear relationship regarding the amount of disposed paper. We have estimated each request disposes 0.643 kg of paper after conclusion, and, taking into account an IT-based infrastructure, we assume 0.200 kg. The analysis throughput of a performance scenario is also considered, more specifically, the scenario with 40 auditors and analysis time of 1 hour: 20.60 concluded requests/hour. Using these values, Figure 13 depicts the impact of paper disposal cover a period of one year. The disposal choice would result in a significant reduction of the GWP as the reader should note in Figure 13 . Incineration provides an impact of 68% less than landfill, but, owing to less paper consumption, an approach based on e-government considerably provides a better sustainable approach considering any disposal mechanism. In this case, the adoption of an IT-based infrastructure would improve the analysis throughput and also reduce the environmental impact of the TACs.
Conclusions
This work presents an approach based on SPNs for performability evaluation of GP related to TAC. Issues related to failures and sustainability are also taken into account.
Public managers have an important tool to assist in decision making for capacity planning and to assess the environmental impact due to paper disposal. Besides, the results empower managers to justify investments in a service, for optimising performability metrics and for helping in future projections.
Although this paper presented the models considering a TAC's process, they were generated considering basic building blocks that can be adapted to other processes, such as queue waiting, periodic request, activity execution based on available resources. As a future work, we are considering automatic model generation based on building block models. Additionally, the authors intend to evaluate other performance metrics for assessing the impact of IT infrastructures based on cloud computing in TAC.
